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Abstract
Background/Aims: Despite availability of a broad spectrum of blood pressure (BP)-lowering 
drugs many hypertensive patients do not attain BP goals. We aimed to evaluate the influence 
of home blood pressure monitoring (HBPM) on patient’s awareness and attainment of BP 
goals under antihypertensive treatment with irbesartan alone or in combination with hydro-
chlorothiazide. Methods: In total, 1,268 patients with arterial hypertension were enrolled in 
the Factors Influencing Results in anti-hypertenSive Treatment (FIRST) study by 348 general 
practitioners and internal medicine specialists across Switzerland. Patients selected for HBPM 
received detailed information and training on BP self-management. The study endpoints in-
cluded patient’s awareness and attainment of BP goals, and the efficacy and tolerability of 
antihypertensive treatment at 3 months. Results:  Overall, the mean age was 61±13 years 
and 616 (49%) were women. The mean systolic/diastolic BP was 161±17/96±11 mmHg, and 
239 (19%) patients had diabetes mellitus. 758 (60%) patients were instructed to use HBPM. 
Both the proportion of patients aware of their BP goals (81% vs. 70%; p<0.001) and the per-
centage of patients reaching their BP goal (64% vs. 57%; p=0.028) were higher in those with 
vs. without HBPM. The mean reduction in systolic/diastolic BP was 23.8/13.2 mmHg. Only 35 
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(3.0%) patients discontinued antihypertensive therapy. Conclusion: In a large Swiss cohort of 
patients with arterial hypertension, information and training on BP self-measurement and di-
rect involvement of patients by using HBPM led to improvement in BP control. Treatment with 
irbesartan alone or in combination with hydrochlorothiazide was well tolerated and markedly 
reduced BP.
IntroductionHypertension is one of the main risk factors for cardiovascular disease. Nevertheless, despite treatment a substantial number of patients do not attain blood pressure (BP) goals.Hypertensive patients are usually treated by family physicians and clinical trials, often 
performed in hospital setting, do not necessarily reflect daily clinical practice. In clinical prac-
tice, many reasons may explain the non-attainment of BP target value; among these, insuffi-cient dosage of antihypertensive drugs, combination of drugs which do not have additional 
effect together with poor tolerability, and insufficient compliance should be considered [1]. Frequent changes of antihypertensive therapy may not be a good strategy as suggested by 
the results of the “Reason for Not Intensifying Antihypertensive Treatment” (RIAT) study [2].
Particularly, patient non-adherence is known to be an important factor [3-5]. Previous studies have shown that home blood pressure monitoring (HBPM) is effective for improving 
compliance in the treatment of hypertension [6]. Even though the time relative to a visit 
to the doctor seems to be an important predictor of patients’ adherence to treatment [7], 
the HBPM could work as a supporting factor to improve the patients’ compliance. A prop-er education and empowerment of patients is essential for successful treatment of chronic diseases, such as hypertension: well informed patients which regularly use HBPM are more 
compliant and therefore reach their individual BP goals more easily. In addition, HBPM is known to be useful for the initial diagnosis and long-term follow-up of treated hypertension, 
especially in regard to the white-coat effect [8].
The present study aims primarily to evaluate whether HBPM influences patient’s aware-
ness and attainment of BP goals under standard or intensified antihypertensive treatment with irbesartan monotherapy or combination therapy (irbesartan plus hydrochlorothia-zide).
Materials and MethodsGeneral practitioners (GPs) and internal medicine specialists across all regions of Switzerland were 
invited to screen and enroll up to 5 patients per physician during a 10-months period between July 2005 
and April 2006. For the purpose of representativeness, Switzerland was divided into 10 geographic sectors 
of similar territorial and population size, and for each of these sectors, 30-36 physicians were randomly 
selected from a centralized national register and asked to participate in this prospective cohort study. Inclu-
sion criteria were age of ≥18 years and newly diagnosed or previously treated uncontrolled arterial hyper-
tension. No exclusion criteria were defined. Written informed consent was obtained.
At the baseline visit, patient characteristics (such as age, sex, weight, height, and current systolic and 
diastolic arterial BP), cardiovascular risk factors, and clinically confirmed cardiovascular disease were re-corded.
Cardiovascular risk factors were defined as smoking, dyslipidemia (total cholesterol >6.5 mmol/l), 
diabetes mellitus, a positive family history of cardiovascular disease, an elevated C-reactive peptide (>1 mg/
dl), and abdominal obesity (waist circumference >102 cm in men and >88 cm in women). End organ dam-
age was defined as left ventricular hypertrophy detected by electrocardiography (Sokolow–Lyons >38 mm, 
Cornell >2440 mm*ms) or echocardiography (left ventricular mass index ≥125 g/m2 in men and ≥110 g/m2 
in women), atherosclerosis (ultrasound evidence of arterial wall thickening [carotid intima-media thickness 
≥0.9 mm] or atherosclerotic plaque), and/or renal damage (microalbuminuria of 30-300 mg/24h, or serum 
creatinine of 115-133 µmol/l in men and 107-124 µmol/l in women).
© 2018 The Author(s)
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Clinically confirmed cardiovascular disease was defined as cerebrovascular disease (stroke, transient ischemic attack), heart disease (myocardial infarction, angina pectoris, coronary revascularization, heart 
failure), kidney disease (diabetic and non-diabetic nephropathy), renal failure (serum creatinine >133 
µmol/l in men and >124 µmol/l in women), vascular disease (aneurysm, peripheral artery disease), and/or advanced hypertensive retinopathy (hemorrhage, exudates, or papillary edema).
According to the then contemporary guidelines [9], office blood pressure measurements were used to 
categorize BP as normal (systolic 120-129 mmHg or diastolic 80-84 mmHg), high normal (systolic 130-139 
mmHg or diastolic 85-89 mmHg), mild hypertension (systolic 140-159 mmHg or diastolic 90-99 mmHg), 
moderate hypertension (systolic 160-179 mmHg or diastolic 100-109 mmHg), and severe hypertension 
(systolic >180 mmHg or diastolic >110 mmHg).
At the baseline visit, an individual BP goal according to the current BP and the individual risk profile 
was defined, and a suitable antihypertensive medication and the use of HBPM were then chosen at discre-
tion of treating physicians. Specifically, the individual BP goal was set to lower both systolic and diastolic BP 
intensively, at least below 140/90 mmHg in all hypertensive patients, and below 130/80 mmHg in diabetics 
and patients with chronic kidney disease and proteinuria. The prescribed medication included monother-
apy with irbesartan (150 or 300 mg q.d.), combination therapy with irbesartan plus hydrochlorothiazide 
(HCTZ) (150 or 300 mg irbesartan + 12.5 mg HCTZ q.d.), or other antihypertensives. Patients with HBPM 
received detailed information and training on BP self-management and its documentation. Briefly, the pa-
tients were instructed to measure their BP once a week and on 6 consecutive days prior to each physician’s 
visit, in the morning, before drug intake, in a quiet room, and seated. The measurements were supposed to 
be done after rest for at least 5 minutes and after more than 30 minutes without smoking, meal or caffeine 
intake, or physical exercise. For the HBPM, Microlife device BP 3AC1-1PC, Average Mode (automatic data 
analysis of three successive measurements) was used. The patients were trained by their physicians how to use the device and could test it during the baseline visit. During the study period, the results of the HBPM 
were saved directly on the device for the physicians to assess and control [10].
The primary endpoint was patient’s awareness of BP goals and BP goal attainment at the follow-up 
visit after 3 months. Secondary endpoints included control of systolic and diastolic BP, and satisfaction with the  HBPM device.Continuous variables with a normal distribution are presented as means with standard deviations (SD), and group comparisons were performed with the t-test; continuous variables with skewed distribu-
tion are presented as median values with interquartile ranges (IQR), and group comparisons were per-formed using a rank-sum test. Discrete variables are presented as frequencies and percentages, and group 
comparisons were performed with the chi square or Fisher’s exact test. All p-values are two-tailed. Data 
were analyzed using the STATA 9 software (STATACorp LP, College Station, Texas, USA). Ethics committee approvals were obtained according to local regulations valid at the time of study conduct.
Results
Overall, 348 physicians participated in the study and enrolled 1, 268 patients with ar-
terial hypertension. The clinical characteristics of the studied population are summarized 
in Table 1; the mean age was 61±13 years, 616 (49%) were women, and the mean BMI was 
28±5 kg/m2. The mean systolic BP was 161±17 mmHg, the mean diastolic BP was 96±11 
mmHg, and 239 (19%) patients had diabetes mellitus. 
The majority of patients started a new BP-lowering medication within a week after the 
baseline visit, while 100 (8%) patients continued their established antihypertensive thera-
py. 32% of the patients received irbesartan 150 mg monotherapy, 12% irbesartan 300 mg 
monotherapy, 25% irbesartan 150 mg plus 12.5 mg HCTZ combination therapy, 16% irbe-
sartan 300 mg plus 12.5 mg HCTZ combination therapy, and 15% other BP-lowering therapy.
At the baseline visit, 758 (60%) patients were instructed to use HBPM to control their blood pressure regularly at home. HBPM was more frequently used by younger patients aged 
≤55 years compared to older patients aged >71 years (66% vs. 54%, p=0.041). The mean 
BMI was similar between patients with vs. without HBPM (28.3±4.8 vs. 28.5±4.9 kg/m2; 
p=0.47). Among patients with HBPM, there was no significant difference in gender (female 
59% vs. male 63%; p=0.10), body weight (≤70 kg 60%, 71-80 kg 57%, 81-90 kg 66%, >90 
kg 62%; p=0.15), body height (≤162 cm 57%, 163-169 cm 59%, 170-175 cm 61%, >175 cm 
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67%; p=0.10), and presence of additional cardiovas-
cular risk factors (none 63%, one or two 62%, ≥three 
58%; p=0.52).
In total, 1,151 patients showed up for the fol-
low-up appointment at 3 months. The mean ± SD duration from the baseline to the follow-up visit was 
99±39 days, and the median (IQR) duration was 94 
(86-107) days.
At the follow-up visit after 3-months, 61% of all patients managed to reach their BP goals (systolic and 
diastolic). The percentage of patients reaching their BP goal was higher in those with vs. without HBPM 
(64% vs. 57%; p=0.028). At 3 months, 76% of all pa-tients were aware of their BP goal set at the baseline 
visit. The patient’s awareness of their BP goals was 
higher in those with vs. without HBPM (81% vs. 70%; 
p<0.001).
In total, the mean reduction in systolic BP was 23.8 mmHg and the mean reduction in di-
astolic BP was 13.2 mmHg. The combination therapy of irbesartan plus HCTZ had the stron-gest effect on both systolic and diastolic BP, followed by the monotherapy with irbesartan 
and other antihypertensive therapy (Fig. 1, Fig. 2).
Between women and men, the mean reduction was similar in both systolic (24.0 mmHg 
vs. 22.3 mmHg; p=0.08) and diastolic (11.9 mmHg vs. 12.8 mmHg; p=0.18) BP, respectively. Regarding age, effects on drop in systolic BP were similar, although there was a difference 
regarding lowering of diastolic BP; patients under the age of 40 had a mean reduction of di-
astolic BP of 14.7 mmHg compared to 13.2 mmHg in patients of age between 40-60 and 11.5 
mmHg in patients over the age of 60 (p=0.01). Similar results were observed when the blood pressure reduction was evaluated in patients with and without abdominal obesity; no differ-
ence in systolic BP reduction was observed, while the reduction in diastolic BP was signifi-
cantly stronger in patients without vs. with abdominal obesity (13.1 vs. 11.8 mmHg; p=0.04).
The mean systolic BP was lowered to 138±13 mmHg in patients with HBPM and 139±14 
mmHg in patients without HBPM (p=0.046). The mean diastolic BP was lowered to 83±9 
mmHg in patients with HBPM and 84±9 mmHg in patients without HBPM (p=0.41).
Among patients with HBPM, 89% were satisfied or very satisfied with the device used for the BP measurements. Satisfaction with the device was similar between genders (male 
90% vs. female 89%; p=0.75) and across age categories (<40 years 91%, 40-60 years 91%, 
>60 years 88%; p=0.34).
Overall, 35 (3.0%) patients discontinued antihypertensive therapy during the course of 
the study. Of those, 9 patients stopped the treatment due to its insufficient effect, 5 due to 
side effects, 5 due to insufficient compliance, and 16 for other reasons. The rate of therapy 
discontinuation was similar in the HBPM-group compared to the non-HBPM-group (3.6% 
vs. 2.1%; p=0.20).
DiscussionHBPM is being increasingly used in many health care systems world-wide, it is cost-ef-
fective and well accepted by patients [11-12]. This kind of monitoring is useful in many sit-
uations including appropriate adjustment of drug therapy in patients who have been pre-
viously misdiagnosed or over-treated. It promotes medication adherence and compliance and lifestyle changes, and helps to make patients more aware of their condition, determine 
Table 1. Patient characteristics. SD 
standard deviation; BMI body mass index; BP blood pressure; HBPM home blood pressure monitoring
 
   Demographics Total N = 1’268 Age, mean years ± SD 61.2 ± 12.5 Female sex, n (%) 616 (48.6%) BMI, mean kg/m2 ± SD  28.4 ± 5.0 Systolic BP, mean mmHg ± SD 161.5 ± 17.1 Diastolic BP, mean mmHg ± SD 95.7 ± 10.8 Diabetes mellitus, n (%) 239 (18.8%) HBPM, n (%) 758 (59.8%)   
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the efficacy of antihypertensive therapy, and support appropriate adjustment, particularly in hypertensive patients with white coat effect or in those with therapy-resistant hypertension 
[12-13]. To further improve the validity of HBPM, all patients in our study received detailed information and training on BP self-management with automatic documentation of all blood pressure values on the device used for HBPM.
The results of this observational study including a large population of hypertensive pa-tients living in Switzerland show that promoting HBPM lead to a better disease awareness 
and persistence to therapy, and as a consequence, to a better BP control. In fact, even if anti-hypertensive drugs were well balanced in both groups, a better blood pressure control was observed in the group instructed for the use of HBPM as compared to the group without instructions for the HBPM use.
Improved patient awareness of the importance of an increased blood pressure has been 
identified as one of the major public health and medical challenges in the prevention and 
treatment of hypertension because of its potential beneficial impact on morbidity and mor-
tality associated with cardiovascular disease and stroke [14]. Moreover, awareness of arte-rial hypertension as a cardiovascular risk factor was also associated with a better control of blood pressure in the group of patients with multiple cardiovascular risk factors in our study.
Even if HBPM is not suitable for all hypertensives, HBPM should not be considered 
contraindicated in patients with motor disabilities or cognitive impairments [12]. These 
Fig. 1. Reduction in the systolic blood pressure between treatment groups. 
p<0.05 for interaction between treatment groups.
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Fig. 2. Reduction in the diastolic blood pressure between treatment groups. 
p<0.05 for interaction between treatment groups.
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patients may be able to execute HBPM with additional support, either from a trained health-care professional or family member. Moreover, HBPM performed with most automated de-
vices is contraindicated in patients with pulse irregularities, such as atrial fibrillation [12]. 
The use of other monitoring tools, such as ambulatory blood pressure monitoring (ABPM) or tele-monitoring, may be advantageous in the near future for further improvement of patient adherence and BP control.
In the treatment of chronic diseases, using drugs with a very good tolerability increase 
patients’ compliance [15]. In our study, only 3% of the patients discontinued the antihyper-tensive therapy, and the rate of therapy discontinuation was similar in the HBPM-group as compared to the non-HBPM-group.
This observational study further shows that using a combination therapy composed by two drugs with addictive effect, such as irbesartan and hydrochlorothiazide, lead to a better 
blood pressure control than a high-dose monotherapy. Evidence from clinical trials indicates that most patients will need more than one agent to achieve their BP goal, and a meta-analy-
sis published in 2009 showed that a combination therapy is far more efficient than doubling 
the dose of antihypertensive monotherapy [16]. The combination of irbesartan and hydro-chlorothiazide has proven to lead to a better BP control than the monotherapy alone, with a 
good safety profile [17], reduction of microalbuminuria [18], and a better nephroprotection 
[19].
The present study has several limitations: First, the study is observational and the fol-low-up was limited to a short-term period. Second, the existence of a bias in the study cannot be ruled out given the selection criteria that were followed to include patients in the HBPM 
group. Third, the choice of antihypertensive therapy was not determined by an experimental plan but solely is a result of the treatment decision by the physician in charge. Due to lack 
of randomization in our study the results are hypothesis generating, not confirmatory, and 
therefore have to be interpreted with caution. In contrast to many randomized controlled trials, our study had no exclusion criteria and the results mirror the then contemporary clin-
ical practice. Even if we acknowledge that ABPM has a better prognostic value than HBPM, 
we couldn’t use ABPM as many GPs did not offer it at the time of the study. Finally, the study was conducted in Switzerland and the results may not be generalizable to other countries.
Conclusion
In a large Swiss population of patients with arterial hypertension, we observed that clear information and training with focus on blood pressure measurement and direct in-volvement of patients by using HBPM leads to an improvement in blood pressure control. 
Treatment with irbesartan alone and in combination with hydrochlorothiazide was well tol-erated and markedly reduced blood pressure.
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